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£ *' Wesley WnVl,n^ a , hereby declare that: 

l n 1. I am a citizen of Australia, residing at 28 Bemboka 



in Avenue, Clayton South, Victoria, Australia 3169. 
d 2,1 have a De 9 ree «f Batchelor of Engineering 

j_ (Mechanical / Ergonomics) 198S (Swinburne) and a Graduate 
^Diploma in Risk Management 1989 (Swinburne). 
«JJ- 3. I am a qualified Engineer, Ergonomist. and Risk 

gManager employed by Work Systems Technology Pty. Ltd. (my own 
^company) since August 1994. 

4. I am the sole inventor of the above- identified U.S. 
patent application and make this Declaration in support of the 
said patent application. 

5 ' PYNAMTC PERFORMAN CE TOMPtPT^ M 

Dynamic performance of typical trolley configurations are 
compared in Wilkinson, integrating- Human Factors and 
Steering- Concepts Into Trolley D^ ign . A copy of this 
Paper is attached and is incorporated herein by reference 
This paper was presented at the Ergonomics Society of 
Australia conference at the Gold Coast in November 1997. The 
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paper discusses the dynamic performance of known trolley 
configurations . 

A fifth wheel configuration is defined as means of 
providing a steering reaction point at the geometric/load 
center of a castor array/ trolley, which may be achieved, for 
example, by swing arm systems that provide a centrally -located 
control wheel. The net result, as shown by applied mechanics 
analysis, is that the steering reaction point for the trolley 
is provided and eliminates the requirement for users to 
provide a compromise steering reaction about their spine with 
the force applied via the feet at the surface interface. 

However, prior art solutions to steering problems have 
g provided an answer to only part of the problem: the provision 
- of the steering reaction point in a simplistic two-dimensional 
U|.or mechanism-restricted three-dimensional terrain. In 
Ji contrast, the terrain of a typical workplace contains speed 
^ humps, ramps, troughs, gutters, and the like. The third- axis 
^ provided by such difficult terrain over which a trolley is 
n| required to travel provides further requirements for a trolley 
^mechanism in order for the trolley to work safely and maintain 
^stability. The prior art solutions have restricted travel via 
complicated mechanisms. Bottoming out of these mechanisms on 
"mp peaks and troughs may result in trolleys falling over or 
loss of control, which may injure the operator. 

The added dynamic performance requirements for a trolley 
combined with the traction requirements for the control wheel' 
related to the load and surface, demonstrate the deficiencies 
of known swing arm and mechanical spring eystems. In 
contrast, the claimed trolleys having gas struts are stable on 
crests and troughs. 
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The commercial success of the oi^ ^ 
demonstrated in n ^v, , Claimed trolleys is 
ea in mche markets for worl«i a 

^ ngte in3uryhlBtorlee- D1 -r:r h r::i aciOTs 

experienced in educating potential us « s ^ ( 
solution to the problem, of known "! v . v " " 

The claimed brolleys deslgnea to 

recrement, specified in statutory ra3ulacions fQr pr ;" ntion 
of manual handling injury. 8eMuse th . aelf . contal J d ntl °" 

hand^"^ T " ^ CO,,,POneM °< -nu J 

handling risk, associated „ lth trolley Me , che elaimed 

crol leys are being used by the following organisation., 

fl *' g°wion^ n irh San* of hm.ch. - yn ^ n. „.,,.. 

^ Coin trolleys ha ve b, en specifically designed to address 

j the issues of n*nual handling of coin «so+ unite) . The 
- trolieys ve« introduced into . high risk application of known 
™ «- dai ras cost, with zero incidence 

£ of mjury after implementation. The trolleye have been 
M accepted a. the national standard for the bank. A letter from 
an employe of the Commonwealth Bank of Australia is attached 
showing that the claimed trolleys (i.e.. Brgo-Sled*) were the 
only trolleys capable of meeting the bank-s performance 
requirements, 

ha „ Tr0lle ^ ^en specifically designed to be towed by 

lines" y 1r" d ^ iCl " " del±V * r ~— «*• to production 
was to ™^. PUrPO " °< th ' -heel technology 

was to eliminate the use of forklift. in the workplace and to 
prevent worker injury by collision <i„ units) 



m 
m 
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C ' HS^Jlf° SP M tal . SeCt0r - Benc ^k Group Of 
• The claimed trolleys were introduced t o address injury 

wirr" ^ a 3 ° f aviated 

vxth the trolley, having self -contained gas struts was 

achieved. Productivity was also significant im p r0 ved since 

only one worker was required to carry out the same task, which 

formerly required two workers (20 units) . See the attached 

letter from Mr. Wesley Carter, Deputy CEO of FEGHSS , which 

shows displacement of other systems by the claimed trolleys. 

^ Further, the letter shows the superior benefit that the 

g claimed trolleys have for reducing workplace injuries. 



m D ' PBR Automotive - Eaaf. P^ tleiah Victoria 

m The claimed trolleys are used for delivery of Kan-Ban 

gparts to production lines (s units) . The trolleys eliminate 

^manual handling difficulties associated with former trolley 

^designs. 

□ E * B aF^yoV&l & Centra Hotels - V ar<nn ff austral* * W^a 

H The claimed trolleys have been introduced into various 

tasks, including room mini -bar replenishment trolleys (10 

units) . 
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7 ' SUpgRlQR RESTTT.Tg WTTH T?Tg S PBCT TO I^TTTRV 

The superior dynamics provided by che claimed gas strut, 
combined with the compact simplicity of the design, have 
resulted in the development: of a range of superior trolleys 
for workplaces where known injury risks exist. 

in the attached letter from Ms. Cynthia McQuillan, Chief 
Executive office of Beleura private hospital, she states that 
I began designing trolleys in 1994 to eliminate the neck and 
shoulder injuries that were occurring among the food service 
staff at Beleura private hospital. The claimed trolleys 
D having gas struts were shown to Beleura private hospital on or 
| shortly before July 7, 1995, after the filing of the 
£ corresponding Australian patent application. As a result of 
jjj using the claimed trolleys, there have been no further work 
^ injuries among the food service staff. The result of using 
U the claimed trolleys has been an extraordinary success as an 
□ engineering and occupational health and safety project. in 
N known high risk applications, there has been zero incidence of 
^ injury with the claimed trolleys. S^e also, the attached 
W letter from Mr. Wesley Carter. 

8 \ THIRD PARTY OPTMT QN BVlDEKfrR 

Also attached is a letter from Mr. Robert Pallshaw, 
Managing Director of Fallshaw Wheels & Castors. Mr. Fallshaw 
states that known trolleys have not been as maneuverable or as 
capable as being used on rough and unlevel floors . as the 
claimed trolley design by WST (i.e., Work Systems Technology 
Pty. Ltd.) having a gas strut. 



9, 

si 



I hereby declare that all statements made herein of 
my own knowledge are true and that all statements made on 
information and belief are believed to be true,- and further 
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Comn 




CommoriVM9a)ih Bank of Australia 
ACN 123 123 124 



O 

a 



Group Human Resources 



Level 10 
175 Pitt Street 
Sydney 
NSW 1155 
Australia 



PO Box 2719 
Sydney 
NSW 1155 



Telephone (02) 9312 8190 
Facsimile (02) 9312 9892 




To Whom It May Concern 



15 June 2000 



The Commonwealth Bank of Australia sought to purchase trolleys that were 
suitable for the movement of bulk coin within the Branch network. 

The Banks performance requirements included : 

1 . Steering forces should be at zero to start and no greater than 20N 
during movement with a 100 kg load. 

2. Steering forces must be at zero when travelling in a straight line and 
across slopes. 

3. A minimum design load capacity of 500 kg. 

4. Castors designed to operate on a carpeted floor surface. 

5. Handle design which provides optimum posture for pushing. 

6. Trolley base no greater than 900 x 570mm. 

The Ergo-Sled® designed by Trolley Solutions International Ply Ltd was the 
only trolley capable of meeting the Bank's requirements. The Ergo-Sled's 
fifth wheel concept allows the trolley to be easily pushed and steered 
simultaneously, particularly within the space limitations of a bank branch. 
Trolley Solutions International has specifically modified the Ergo-Sled ® to 
suit the performance requirements and conditions within the Bank. 



Yours sincerely 




CMBtey J 
Adviser 

Safe Work Systems 



Recycled Australian Paper 
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To Whom It May Concern, 



Re: 5 Wheel Trolley 



Some time ago, as Hotel Services Manager for the Bays Hospital Group Inc, I expioredthe 
market for alternative trolleys to use for the meal distribution function. After much market 
research the 5-wheel trolley was trialed introduced Having assessed the workplace prior to 
the introduction of the trolleys, we then set about monitoring and assessing the situation 
during and after the introduction of the 5 wheeled trolleys. It met and exceeded our 
expectations. 

Work place injuries caused from the meal trolley was greatly reduced. In feet the 2 instances 
that occurred during the 3-month monitoring period were operator caused and were not the 
fault of the trolley. 

The key success of this trolley I believe is the integral gas strut in the middle of the trolley, or 
in simpler terms the fifth wheeL 

More recently I was confronted with the same situation at Bethlehem Hospital, where this 
time the first and only choice was to introduce the 5-wheel trolley from Trolley Solutions 
International. My current position at the Orbost Hospital not only involves the kitchen area 
but also a broader area incorporating OH&S. One of my first tasks will be to review ALL the 
trolleys used at this site and where necessary introduce this technology. 

I would certainly recommend these trolley for implementation into any suitable application 
where reducing workplace injuries are an issue. 

Should you wish to talk to me about these trolleys please contact me on 0438 546 609. 




Wesley Cartel 
Deputy CEO 
FEGHSS 
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BBLEURA 

private hospital 

3enchmdrk'8e!eura Pty Ltd 
aco ooe sn o$* 

16* August 2000 $2s Nepean Highway 

Momington VI 0 3931 
Telephone 03 5975 8755 
Fmlmil* 03 3975 9144 
Em&lt 

bef6ura®penin$u?a.hotkey,net3u 

TO WHOM IT MAY CONCERN 

In 1994 Beleura Private Hospital was getting workcover claims from its food service staff 
who were responsible for the delivery of patient meals. In consultation with an 
ergonomist, we found that our existing food delivery trolleys were causing the neck and 
shoulder injuries. 

As there was nothing on the market that would eliminate the injuries, we decided to work 
together with Wes Wilkinson and for him to design, build and then trial the purpose built 
food ddivery trolleys at Beleura. 

Wes developed a trolley with a 5 th wheel and an integral gas strutt The trolleys were so 
succesful that we replaced all of our existing food trolleys with the newly designed and 
purpose built trolley. We also purchased 3 linen trolleys with the same 5 th wheel concept. 

Over the past six years of using these trolleys, we have had no further workcover injuries 
from the staff who deliver the meals. 

If the reader would like to discuss our experience with working with Wes Wilkinson and 
Trolley Solutions, l ean be reached Monday to Friday from 9am to 5pm on (03) 59758755 

Youts sincerely 

Belcura Private Hospital 




Cynthia McQuillan 
Chief Executive Officer 
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FALLS 





WHEELS & CASTORS 



we've re-invented the wheel 



15 June 2000 



Attention: To Whom it May Concern 



Work Systems Technology Fty Ltd has invented a substantial improvement for wheeled trolleys 
with its '5* Wheel' concept 

This can easily be seen in two ways; 

• Use a heavily loaded trolley fitted with one of their designs of 5* wheel - yon will find it so 
much easier to use than other designs. 

• Then try and find anyone else who has their design - you will not because they were first- 
(This can be checked by looking in numerous castor catalogues in the section on Using/ Mounting 
Castors'). 

As a wheel and castor maker for 35 years, and one who Bells world wide, I am very aware of 
trolley design, and I have written a booklet called Designing Trolleys' to assist with the proper 
and effective use of castors. This was first written in 1987 and revised in 1995* Yet, when I first 
saw the WST 5 th wheel design (approx 1998) I said " Wow!" 

There have been previous attempts to use the 5 th wheel. However, these have been side 
mounted and manually engaged, and not centrally placed and not biased by means of a gas 
strut* The consequence has been that they have only worked on level floors, and have not been 
as manoeuvrable; while the WST design can be used widely in industry on rough and unlevel 
floors, as well as conveniently. 

I have been most impressed. Wheels have a history of 5000 years, and the trolleys they are used 
on have settled in to established patterns. It is seldom I am moved to surprise and delight. 




Robert Fallshaw 
Managing Director 



A Division of FALLSHAW HOLDINGS PTY LTD (A.C.N. 005 237 S2S) 



MELBOURNE PERTH SYDNEY BRISBANE 

Ayton Street, North Sunshine 22 Brennan Way, Belmont 3/11 Staddart Road, Prospect 45$ Newman Road, Geebung 

Victoria, 3O20 Western Australia, 6104 New South Wales, 2149 Queensland, 4034 

Telephone (09) 93116611 Telephone (08) 9479 1100 Telephone (02) 9396 2311 Telephone (07) 3865 1616 

Facsimile (03) 93123441 Facsimile (06) 9479 7779 Facsimile (02) 9898 2S35 Facsimile (07) 38SS 2577 
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INTEGRATING HUMAN FACTORS AND ENGINEERING 
CONCEPTS INTO TROLLEY DESIGN 



WILKINSON, W.S. 

WORK SYSTEMS TECHNOLOGY Pty. Ltd. 
TROLLEY SOLUTIONS INTERNATIONAL Pty. Ltd. 
Unit 29, 23-25 Bunney Road, 
Oakleigh South, Victoria 3167, 



ABSTRACT 

Trolley design has been of concern to industry and society fox generations with trolleys used for ease erf transportation 
of any type of object Perhaps one of the most infamous examples is that of the shopping trolley. The concerns are 
related to a number of Ergooomic factors including the difficulty associated with steering a trolley with all swivel castors, 
excessive steering and operating forces, the inadequacy of the handles provided to interface with rtw> no^r the poor 
ergonomic design of the load space. Add irregular or carpeted surfaces and the problems arc further comrxraided. 

Research into trolley design began as part of a consultancy project for a cHent with significant history of worker injury 
related to rroJfcy use. Maxhnum forces related to the potentM population of users were determined to assist with defining 
the problem. A first principles approach to the design was taken involving analysis of the forces involved in moving 
and steering trolleys; ItwasfbutKithatof rtemaity affecting the trolley's dynamics the unresolved steering forces 

in the chassis were the major issue. • 

A prototype trolley was manufactured to demonstrate the concepts of steering chassis design, ergonomically designed 
handles and load spaces. Further prototypes were manufactured to suit a number of tasks with the outcome being the 
commercial manufacture of a range of trolleys using the generic chassis which evolved from the project. 

Key Words: trolley design, engineering, human factors, ergonomics 

1*0 INTRODUCTION 

Several . industry groups use trolleys as a key part of the dairy task of transporting goods and equipment from location 
to location. Historically the design of trolleys has been extremely deficient with the design based around placing fbar 
wheels on a frame which is loaded to capacity with little consideration for the requirements of the user. The research 
for this paper has its origins in the hospital sector where trolleys are used to move almost every object within the 
hospftaL Workers m the food service area in particular were experiencing pain and in some cases developing injuries 
resulting from the use of the trolleys provided. An analysis of the situation was completed to determine appropriate 
solutions. The development has branched into other areas, 

2.0 METHOD 

The analysis of the problem involved firstly defining the problem. Workers using the equipment were interviewed 
and their concerns recorded. 
Typical comments were: 

that the trolleys were difficult to steer and push, 
two people were rcqnired to do me job, 

the trolley was awkward to push in relation to the position of the handles - not everyone could use 
them, 

the trolley was even more difficult to push and steer on carpet, 

it was difficult to negotiate sideways grades without the trolley running down the grade, 
difficulty in negotiating doorways and narrow clearances, 
load storage positions were too high or too low, 
wheels keep jamming or seizing. 
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Operating forces were measured as the component forces eg. starting force, rolling force, steering force. 

Analysis of the forces acting on the trolley chassis was carried out to determine the reasons for certain dynamic 

performance problems as reported by operators. 

To facilitate problem serving, concerns were separated as follows: 

chassis dynamics 

♦ castor design / selection 

♦ floor surface 

♦ hftndte A n fig n 

♦ task / load space design 

Once broken down into components it was clear that major modifications to the design of the existing trolleys were 
required. 

3.0 RESULTS 

CHASSIS DYNAMICS 

Analysis of the forces acting on a trolley chassis with four castors indicated mat the reason for a trolley's dynamic 
handling concerns was that mere were unresolved foices acting on the trolley which required counter forces to be applied 
by the us^ to mainfau i a straight course on a grade or to correct the direction of travel The correction / restraining forces 
which often require sustained static muscle activity are applied about the centre of the operators body in the absence of 
any other reaction point andean result in serious injury. Damaged castors may also add an unresolved force into the 
arrangement- The test results clearly showed that whilst the forces involved in pushing a trolley were a concern with 
castor / floor surface combinations determining the performance* the usually coincident steering forces required for a 
trouey with fonr castors were the major source of difficulty, mat is, the self steering effect of a four wheel castor chassis, 

FIGURE 1 details lite action of the forces of a foiir castor troOey on a slope: 




FIGURE 1 t 
PLAN VIEW - CHASSIS WITH FOUR CASTORS ON SIDEWAYS SLOPE 



Various configurations for steering trolleys have been tried over the past few decades with little or no success. 
Trolleys which have fixed rear wheels and front castors wilh the load centre in between* become increasingly more 
difficult to steer as the load increases and even more difficult on grades. This results from the load creating a large 
moment about the fixed rear wheels given its distance m front of the rear axle (the steering axis) with only a small 
restraining moment possible from the operator (due to small distance from handle to steering axis). This is characteristic 
of uW behaviour of the latest range of modified shopping trolleys, thus the problems of manoeuvrability have only been 
compounded. Refer Figure 2, 
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FIGURE 2 

PLAN VIEW: XROIXEY WITH P3XED BEAR WHEELS ON A SLOPE eg, SOME SHOPPING TROLLEYS 



The same concern arises for trolleys with fixed front wheels however it is easier to countei^ the load moment effect 
oa grades due to die longer moment am (length of txolley^ 

however manoeirvrability concerns are an issue dependent on the configuration. Market type trolleys with their centre 
axle carrying the weight are easily manoeuvred* however instability is a concern with the rooking action of the trolley 
to either end. 

Recent tests using shopping trolleys have been used to provide the data tabulated in Tabte I . The measnremenls were 
made with the trolleys on smooth concrete* forces would be expected to be at least 5 0 percent higher on carpet The 
tabulated results indicate the force variations for steering versus all castor trolleys, 

TABLE 1. TROLLEY OPERATING FORCES: 



FORCE (Newtons) 


PUSHING 


PUSHING 


STEERING 


STEERING 


TROLLEY OOlviTC'N 
ACTION 


4 CASTORS 

NO STEERING 
• 

** 


2 CASTORS 

2 FIXED (REAR) 
* 

•** 


4 CASTORS 

NO STEERING 
* 

•* 


2 CASTORS 

2 FIXED (REAR) 
* 

**■* 


START 
No Load 


4 


4 






ROLL 
No Load 


2 


2 


13 


10 


START 
Load 100kg 


16 


16 






ROLL 
LoadlOOfcg 


10 


10 


90* 


35* 



• Extra firooonsKi^ on glides a hicrc^ steering force for operator 

** Steering pivot (all castors ) f* the centre line of the operators body (450mm from handle) 
^Steering pivot for a trolley with fixed rwwfaeeU is effectively fhc Centre ofttterexr axle 
Forces meanued at *^ f **Hnfl hyi nffl^ i 



Operating forces for steering trolleys were measured and the results frbnlatH in Table 2. The results show dear 
differences, between steering and all-castor trolleys. 
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TABLE 2. TROLLEY OPERATING FORCES - ALL CASTORS VERSUS STEERING TROLLEYS: 



FORCE (Newtons) 


PUSHING 


PUSHING 


PUSHING 


STEERING 


STEERING 


STEERING 


TROLLEY CONPIG'N > 


4 CASTORS 

* 
** 


2 CASTORS 
2 FIXED 
(REAR) 
* 

*•* 


STH 

WHEEL 

FITTED 


4 CASTORS . 
NO 

STEERING 
• 

** 


2 CASTORS 

ZFTXED 

(REAR). 
• 

*** ■ 


FUfTH 

WHEEL 
FITTED 


ACTION 
V 


START (No Load) 


A 


4 


4 








ROLL (No Load) 


2 


2 


2 


13 


10 


6 


START (Load 100kg) 


16 


16 


* 6 








ROLX(Load 100kg) 


10 


10 


10 









*Hxtra force oompontifit on grades adds restraining force and Increases steering force for operator 
** Steering pivot for an all castor trolley is the centre line of the operators bpdy(450imn from handle) 
*** Steering pivoi for a trolley with fixed rear wheels is effectively die centre of the rear axle. 
Forces fRcamred at carwtmg handles. 



The shaded section of the table clearly shows the difference between the various steering options with the fifth wheel 
trolley reqoinng approxim ately l/6th of the steering force of an all castor trolley. It should be noted that all trolleys have 
high castor torn around forces (force to torn castor 1 SO degrees) however this can be overcome on a fifth wheel trolley 
by util i sing the steering pivot action to torn the castor before moving the trolley. 

C astor manufacturers provide coirfigiirarion advice for customers however most configurations have d eficie n cie s. 
Fifth wheel configurations address the issue of the unresolved forces, manoeuvrability, etc. however the trolley cannot 
cope with the crest at the top of a ramp and the trough at the bottom. Trolleys tended to fall over at the crest of the 
ramps. Existing Patents on fifth wheel systems have been too complex impractical to manufacture and have not reached 
commercial reality. The only movement a fifth wheel trolley docs not effectivefy achieve is sideways travel. 

CASTOR DESIGN AND SEUECTION 

Castor design is important to the overall forces acting on a txoHey however only limited improvement can be achieved 
•through using better designed and higher quality castors. Lower rolling farces result from better quality bearings and 
appropriate tyre material for the surface of the intended application. Tyre section / profile can effect the turn around 
performance (castor effect) and rolling resistance depending on the floor surface however our tests could not confirm 
the claim by a leading castor manufacturer that a round section tyre tamed better on carpet, to the contrary we found that 
aflat section tyre turned easier. Castor angles determine the tarn aronnd performance of the castor. Tests conducted on 
castors greater than 1 50mm have shown that castor torn around forces increase due to the effect of the larger distance 
from the floor to the swivel giving a greater moment about the swivel in a plane perpendicular to the axis of swivel 
rotation tending to lock the swivel action of the castor (wants to push the castor over rather than swivel it). The effect 
is particularly pronounced on carpet 
Castor maintenance is also an important criteria. 

FLOOR SURFACE 

Floor surface effects the performance of castors significantly. Hard, smooth surfaces promote easy rolling of castors 
whereas mu^ or rutted surfaces, joiosm produce peaks in force requirement s . Soft surfaces eg. carpeted 

surfaces with underlay provide constant drag for the wheels which can increase pushing forces by up to 50%. Other 
concerns with floor surfaces relate to noise emitted by the castors dependent on tyre type. Selection of castors must 
consider floor surface type. 

HANDLE DESIGN 

Handle design is a significant contributor to the difficulty associated with trolley mteraction. The application of forces 
to what are considered to be suitable handles in the trolley mdustry is difficult. The handles are usually a fixed height 
horizontal bar catering for only a very small range of user population. The handle does not promote optimum application 
of forces for pushing and uses a cornpxomised, rotated inappropriate wrist posture. 

Given mat trolleys used hi a work situation in mdustry may be used by a large range of users of differing stature, the 
current designs used are unsuitable. Reference to Human Scale inrlfratwl that the design of the existing handles and in 
feet most trolley handles did not cater for a range of users and utilised the wrong wrist postures for pushing. 
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TASK LOAD SPACE DESIGN . . 

Load space desiga on tn^kysbasbeen typical^ an cxerdse of fining the maximum amount of material mio the available 
5pft^ ^ho,it rfvwttrirW^tW** rrf-th^ variation fn stature of fee user group and the other ergonomic reqnnements of the task. 
Examples of existing fte^gng show load space locations well above the range of vision and even above shoulder / head 
height, eg. hospital meals trolleys. Reference to the Manual Handling Regulations and Code of Practice 1988 (VIC) 
confirmed mat the existing design of the trolley load spaces did not consider upper and lower storage location limits. 

PROTOTYPE TROLLEYS: 

An imrtftl trolley chassis desiga mcorporatmg a fifth wheel system was experimented with to ascertain whether the effect 
resolved all of the issues. On a flat surface the trolley demonstrated mat it could be easily .steered and in fact only 
required pointing in the desired direction of travel and pushing. The trolley did however become unstable on bumps 
and crests when die weight of the trolley rested on the firm wheel Experimentation with the dynarnics and desd ga of the 
fifth wheel has resulted in a mechanism which does not support (he trolley but effectively steers the trolley whilst 
overcoming all of the concerns previously experienced with performance with the added bonus of being easily 
manufactured. The resultant system has been patented in Australia and overseas. 

Prototype trolleys have been fitted with handles that provide the optimum posture fox pushing for a user population of 
95 % whilst also providing a neutral wrist posture. The handle design also provides slightly greater steering advantage 
for me shorter stature operators than the larger users. (The handles developed are registered designs). 

It is abo important to consider the variation of strength within the user population. Table 3. details the limits for applied 
pushing forces. Load spaces have been configured to the requirements of the task after first carrying out a task analysis 
with the user group. In a true prototyping fashion the end result is a refined version of the prototype. 

4.0 DISCUSSION 

Measurements offerees associated with using a trolley fined with a fifth wheel system have confirmed that without the 
excessive steering forces a trolley is easy to use ie. there is no lequirement to push the trolley and restrain its motion in 
dh^ctions other than the direction of travel The most notable example of this behaviour is that of the shopping trolley 
on the mandatory grade outside every surjermarkcL With only the motive force to concern the operator, me task moving 
a fifth wheel trolley & simply to overcome the rolling resistance of the loaded trolley. The force ineasurements m Table 
2. confirm the results comprehensively . Further proof of the effectiveness of die design is mat a 1 year old infant can 
move and steer a fifth wheel trolley. 

The generic chassis has since been developed for mdustrial, hotel and office applications. 

It is also important to note that the trolley is only one component in a manual handling system and as such it is essential 
that the various components are matched so as to create a manual handling system rather than a trolley pooiry mterfaced 
with a workplace. Considerations such as location of stored items both geographic and specific (vertical^orxzontal>. 
Location of freqneutly accessed objects versus infrequently accessed objects with consideration for the mass of the 
object 

5-0 CONCLUSIONS 

Procurement of a trolley is therefore not just a matter of selection of a suitable trolley from a catalogue, 

The selection of the trolley becomes critical in high usage applications where the user may experience a serious injury 

if a poorly designed unit is purchased. An injury will have, significant impact under Workers Compensation insurance 

and result in higher premiums that far outweigh the cost of purchasing a properly desi gned unit 

A thorough understanding of ft*e task requirements associated with the trolley application is necessary prior to sourcing 

the market for available units. It is advisable to pr e pare a specification for the unit remembering that the trolley is part 

of a system. . 
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6*0 RECOMMENDATIONS 

It is ^commended that the following approach be utilised to specify the design of trolleys prior to purchasing 

♦ Cany out task analysis including all components of the system of work associated with the trolley, 

♦ Assess floor surface/s trolley is to operate on* 

♦ Carefully select steering chassis configurations in preference to non-steering chassis configurations, 

♦ Select castor type dependent on floor surface, load, performance r^uirements, 

♦ Utilise correctly designed handles, 

♦ Design load spaces in accordance with Manual Handling standards, avoid storage locations above shoulder 
height and below knee height, 

♦ TftjstV ararnd manual tumping smd oper a tor farce application requirements ie. strength limitations (Refer 

Table 3), 

♦ Design trolleys to be correctly interfaced and integrated as part of a manual h an d ling system, 

♦ Comply with the requirements of the envii eminent in which the unit will be used eg, infection control in medical 
facilities requires certain materials to be used and certain component configurations to be avoided, 

«> Floor surfaces should have any irregularities repaired and floor covering edges tapered oat or eliminat ed., 

♦ Monitor feedback from user groups. 



TABLE 3 : RECOMMENDED MAXIMUM OPERATING FORCES FOR TROLLEYS 











10 kg (lOkgF -lOONewtons) 


4.0kg 


^^^^^^^^ 


15kg 


6kg 




30kg 


"kg 




46kg 


17 kg 


IVoOcy Solutions International PO, COPYRICHTe August 1996 
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